Arthrocnemum fruticosum seeds were collected from the Jordanian coast of the Dead Sea and grown in a greenhouse. The anatomy was studied of plants of varying ages and salt treatments. The roots contained large amounts of woody tissue, both vessels and lignified parenchyma. The root cortex showed air spaces which are discussed in relation to the anaerobic conditions the plants are growing in during part of their life-cycle. The shoot consisted of a stem with two opposite, decussate leaves per node, the bases of each pair, fleshy, amplexicaul, elongated down the stem and fused to form a discontinuous succulent cylinder around the internodes. The leaves contained an assimilatory palisade layer and a water storage tissue connected with the epidermis by a number of vessel-like tracheoid idioblasts. It was suggested that these structures play a role in the uptake of dew by the stomata. The veins of the leaves were almost entirely made up of xylem and formed a reticulate closed pattern between the photosynthetic and the water storage layers of the leaf tissue. Flowers were simple, consisting of one stamen and one pistil only. One greyish-brown seed was produced per flower. Some physiological observations, relevant to the anatomy of the plant, are discussed and it was tried to relate these observations to the environmental conditions as found in the field.
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SaadEddin and Doddema-Anatomy o/Arthrocnemum fruticosum data, obtained in the course of the project. Additional physiological and microbiological studies are or will be published elsewhere (Mahasneh et al., 1984; Doddema et al., 1985; SaadEddin and Doddema, 1986) .
MATERIALS AND METHODS
Seeds of Arthrocnemumfruticosum were collected from plants growing on the north-eastern shore of the Dead Sea in Jordan. The seeds were sown and the plants cultivated in a greenhouse in Amman under different conditions of salinity and to various ages. The plants were harvested and prepared for sectioning as described by Al-Eisawi (1977) , with minor changes in the procedure as follows: infiltration was for two weeks, safranin and fast green were dissolved in 50 per cent ethanol and absolute ethanol respectively, and for mounting Canada balsam was used. Sections between 10 and 20 /on thick were obtained using an American Optical Spencer rotary microtome (model 820), and a steel knife. After staining and mounting, the sections were observed and photographed with an Olympus BH microscope/BM 10A photo attachment, using Agfa Isopan 100 ASA film.
RESULTS

The root
The root system consists of a thin taproot in the young plant; several adventitious roots develop early. The roots may have side branches, but in general the root system is not very deep or extensive and root hairs are relatively sparse. In a very young root it is possible to recognize some large vessels in the centre, adjoined by groups of phloem. The stele which is usually diarch, is surrounded by a narrow pericycle and a distinct endodermis. The cortical cells are large, thin-walled and irregular in shape. The epidermis is not clearly distinguishable from the cortex except where it has root hairs ( Fig. 1 A) . When the root grows older the xylem increases markedly and the endodermis is no longer visible ( Fig. 1 B) .
A ring of fusiform cambium cells appears in the pericycle and gives rise to mainly xylem vessels and lignified parenchyma towards the inside and elongated loosely connected parenchyma cells towards the outside (Fig. 1C, D) . Lignified parenchyma occupies a large part of the woody tissue. In the older tissue these cells seem to be empty. Vessels and lignified parenchyma are connected by bordered and half-bordered pits (Fig. 1G, H) . Between the more or less concentric rings of woody tissue unlignified parenchyma is present. This type of anomalous secondary growth is often observed in the Chenopodiaceae (Balfour, 1965; Esau, 1965) . From these parenchyma cells the lateral roots originate (Fig. 1E) . Interxylary phloem is associated with the groups of unlignified parenchyma cells. The cortex cells form a loose tissue with large intercellular spaces ( Fig. 1 B, F) . The cells have a dense cytoplasm and contain numerous dark particles. The outer layers of the cortex consist of closely fitting cells with thickened walls produced by a cork cambium and replace the epidermis in the older root (Fig. 1 C) .
The stem
The young stems are composed of succulent assimilating internodes, giving the plant an articulated appearance (Figs 2C, 4D, 5 A) . Side branches arise from the buds in the axils of the leaves (Fig. 2 B) . The stem in transection shows a stele surrounded by an endodermis-like layer of cells (Fig. 2D) secondary xylem becomes continuous and the pith may disappear so that the internodes become hollow (Fig. 2F) . In salt-grown plants this process starts earlier than in plants grown in a medium without salt. The primary xylem elements in the centre of the stele have walls with spiral or annular thickenings, whereas the secondary xylem has pitted vessels similar to those found in the roots (Fig. 2E ). Small strands of phloem are found to the outer side of the xylem (Fig. 2D ). For a description of the primary vascular system and nodal anatomy see Bisalputra (1962) . 
The leaf
The leaves can be recognized as separate organs only at the growth apex ( Fig. 3 A) . In Fig. 3 a series of sections through the shoot apex is shown, demonstrating the gradual change from free leaf blades in the shoot apex to fused cylindrical leaf pairs more towards the base of the shoot. The leaves are succulent at the base and made up of four cell layers. The outer (morphologically lower) epidermis shows more or less globular cells, often papillate, especially in the nodes and is covered on the external walls with a thick cuticle (Fig. 4A ). Stomata are frequent in the epidermis with the guard cells virtually on the same level as the epidermal cells; there are no trichomes (Fig. 4B, E) . Under the outer epidermis is a layer of palisade parenchyma with large intercellular spaces, thin walls and numerous chloroplasts (Fig. 4E ). Substomatal chambers are large and are connected with the intercellular spaces in this layer. The third layer is parenchyma with small intercellular spaces, thin walls and very few or no chloroplasts. These cells have large vacuoles filled with water and salts (SaadEddin, 1983) and act as water storage cells. The inner (morphologically upper) epidermis makes up the fourth layer and is visible only where the leaf is not fused with the stem. The cells of this layer are large and flat; stomata are absent. The cuticle here is usually very thin or absent (Fig. 4A) . Between the palisade and water storage layers small groups of vascular tissue can be seen in transections, made up mainly of spirally thickened tracheids. These veins form a reticulate pattern when seen in longitudinal sections (Fig. 5B) . Phloem could not be discerned in these veins, although elongated nucleated cells often accompany the xylem bundles. There is no bundle sheath (Fig. 5F ). Large cells with spirally thickened but not lignified cell walls, tracheoid idioblasts (called tracheoidioblasts by Anderson, 1974) , radiate outwards through the layer of palisade mesophyll. These tracheoidioblasts usually end immediately under the epidermis often close to a stoma (Fig. 5 D) . Scattered throughout the parenchyma layer which acts as water storage tissue isolated, large, thickwalled sclereids can be found (Fig. 5C ). No salt glands could be found although the papillate epidermis cells in the nodes resemble simple salt glands. Nevertheless, salt crystals are commonly observed on the internodes of plants growing in high salt solutions (Fig. 5G) .
The flower
When the plants become generative the new internodes become very short, almost globular segments. Each segment consists of two three-flowered cymes, immersed in the pair of bracts arising from the node above (Tutin et al., 1964; Fig. 6A) . Each flower produces one pistil and one anther (Fig. 6B, C) . The flower is protandrous (Fig. 6E) , and the anther containing four locules (Fig. 7D) grows out of the segment to release its pollen grains. The endothecium of the anther shows secondary thickenings of the walls (Fig. 7B) . The single ovule is suspended in the ovary by plasma strands containing numerous droplets (Fig. 7E) . The transparent stigmas of the mature pistil extend towards the outside of the succulent segments and are pollinated by the wind. After fertilization the fruits separate from each other and from the stem, leaving a tripartite hollow in the segments. The thick but now dry tissue of the fruits remain attached to the greyish-brown seeds (Fig. 7F ).
DISCUSSION
Arthrocnemum fruticosum from the Dead Sea area releases its seeds from about November onwards. These seeds usually do not germinate before March. In laboratory experiments it was shown that this delay is not caused by dormancy, since they can germinate for almost 100 per cent immediately after being harvested from the plants. It was demonstrated that the delay in germination is.caused by the still relatively high salinity of the soil. After sufficient rain has fallen to wash out the salt from the topsoil, the seeds in the field germinate. Once the seedlings have established themselves a low salt concentration markedly stimulates their growth, and later on they can easily withstand very high concentrations of salt in the soil (SaadEddin, 1983) .
The young plants produce large amounts of secondary xylem in the roots within a month after germination. More than half of this xylem is made up of lignified parenchyma, similar to that in Salicornia virginica (Anderson, 1974) . But whereas in S. virginica these parenchyma cells are mainly found in the shoot, in A. fruticosum they are more abundant in the root. In A. fruticosum the lignified parenchyma is dead and it may support the vessels in the transport of water and salts towards the shoot. Early lignification is a phenomenon frequently observed in halophytes (Poljakoff-Mayber, 1975) . Millner (1934) found that the root of the xerophytic Silene maritima shows a larger area of tracheids in transverse section of the secondary xylem than the root of the mesophytic S. vulgaris. Hayden (1919) demonstrated that in the roots of hill-slope plants, which grow in drier natural conditions than alluvial valley plants, the xylem and sclerenchyma of the secondary body is generally more developed than in the valley plants. Additional evidence for increased xerophytic structures of desert plants with drier or saltier habitats was supplied by Ginzburg (1966) . Apparently an increased or early lignification of secondary tissue is a general characteristic of plants in habitats with a low water potential. The observation that the plants contain more secondary xylem in the stem when grown under high salt concentrations than when grown under low concentrations of salt, supports this view as well (Fig. 2D, F) .
The root cortex is thin compared with the xylem, but still contains at least ten layers of narrow elongated cells. The cells are rich in dark particles, probably starch, which may be used as a storage material for renewed growth in the next season, since A. fruticosum is perennial. The substrate in which the plant grows is a mixture of coarse and very fine particles and the rocky subsoil prevents a good drainage (SaadEddin, 1983) . As a result the soil becomes easily water-logged and anaerobic upon the first rains, and this situation can last for several months up to early summer. Consequently the roots have to obtain their oxygen for respiration from above ground (Armstrong, 1964; Armstrong and Gaynard, 1976) .
The occurrence of large air spaces in the root cortex is probably related to these conditions (Fig. 1F) . Oxygen diffusion from the shoot via the root towards the soil will also affect the nitrogen availability for the plant by influencing the microbial nitrification in the rhizosphere of the roots (Mahasneh et ai, 1984) . A. fruticosum grows relatively slowly initially (Bisalputra, 1961) , and when the rain stops early in the season and the soil begins to dry before the seedlings have developed adequate root systems, many of them become red with anthocyanins and die soon after. Plants in open areas usually do not reach more than 30 cm in height, but under protected conditions, i.e. under the branches of shrubs such as A triplex halimus or Nitraria retusa, they can reach a height of about 1 m. When summer proceeds two species of Arthrocnemum: A. fruticosum (L.)Moq. and A. glaucum (Del.) are virtually the only plants in the area which are still green and juicy. Consequently they are heavily grazed, especially by camels. The rainless summer lasts from about May to October and the temperature can reach more than 50 °C on the surface of the soil during the day (Mahasaneh et al., 1984) .
The origin of the succulent assimilatory outer layer of the shoot of the articulated Chenopodiaceae has been the subject of several investigations. This layer has been described as a succulent green cortex, the plant being aphyllous or nearly so (Bentham, 1858; Hooker, 1884; Schischkin, 1936; Volkens, 1887 , all as cited by Fahn and Arzee, 1959; Fahn, 1963 Fahn, , 1982 Metcalfe and Chalk, 1950; Werker and Fahn, 1966) . In this view the two opposite variously developed scales or outgrowths present at each node are considered reduced leaves. Most other investigators have assumed that the fleshy tissue is of foliar origin. This opinion was based, amongst other things, on the venation pattern of the fleshy cortex which is derived from the anastomosing lateral branches of the leaf strands, the shedding of the assimilatory layer due to a cork layer between the vascular cylinder and the succulent layer, the anatomical leaf-like structure with palisade and mesophyll layer and the similarity in the development of the cotyledons and hypocotyl to that of the subsequent leaves and internodes (Anderson, 1974; Ball, 1967; Baumgartel, 1918; De Fraine, 1912; Dangeard, 1887; Duval-Jouve, 1868; Keller, 1951; Monteil, 1906 , all as cited by Fahn and Arzee, 1959; Tutin et al., 1964) . In this view, which we support, the succulent assimilatory layer consists of opposite, decussate, scale-like leaves, the bases of each pair fleshy, amplexicaul, fused and elongated down the stem to form a segment. This shows particularly clearly in the fertile tops of the stems (Fig. 6A-C) .
It is especially the water storage parenchyma which makes the plants succulent. Succulence is usually regarded as an adaptation to (physiologically) dry conditions and it is commonly associated with other mechanisms to decrease transpiration such as sunken stomata, thick cuticle, and epidermal hairs or spines.
In A. fruticosum large numbers of stomata were present, level with the other epidermal cells. Moreover, the epidermis cells, although covered with a thick cuticle, are slightly papillate, leading to an increased surface area. No hairs or other transpiration decreasing structures were observed (Carolin, 1983) . Berger-Landefeldt (1959) presented transpiration values for A. glaucum and A. fruticosum in North Africa of about 2-4 and 3-3 g g" 1 f. wt d" 1 respectively with the highest rate occurring at 11.30 h. Similar values for A. glaucum (208-222 mg g" 1 fresh shoot h~») were measured by Zohary (1962) . These values are not higher than those of European coastal halophytes (Berger-Landefeldt, 1959) .
The tracheoidioblasts (Anderson, 1974) were described for the first time by Duval-Jouve (1868 , in Pirwitz, 1931 under the name 'cellules aeriferes spiralees', indicating that they are filled with air. However, in 1931 it was demonstrated that these cells are water-filled and alive. They contain a nucleus, are surrounded by a plasma membrane and are able to plasmolyse (Pirwitz, 1931) . This was corroborated by Hess et al. (1975) using electron microscopy. The function of these 'tracheid-like' or 'sclereid-like' cells is still obscure; Pirwitz (1931) suggests they are water storage cells. Weber et al. (1977) agree with this, but elaborate on it by suggesting that they may function as a reservoir of low-salt water in an otherwise high-salt environment. The salt water moving from the spongy tissue could be reduced, in their opinion, in salt concentration by a membrane boundary, reverse ion-transport enzymes and by the plasma membranes of the isolated tracheoid idioblasts. Previous evidence suggested that the chloride concentration inside the tracheoid idioblasts was indeed low (Hess et al., 1975) .
However, an alternative or additional function for these cells may be proposed as well. Early this century it was shown that a number of salt marsh plants, including Salicornia, were able to absorb water through the shoots when they were flooded by the tide. This water uptake could replenish previous water loss for 12-108 percent (Halket, 1915; Delf, 1911 , as cited by Chapman, 1960) . A similar mechanism may be operative in A. fruticosum, involving uptake of dew by the shoots. The relative humidity of the air close to the surface of the soil in the experimental area was rather high during the night and in the early morning the dew point is reached regularly, even in summer. The tracheoid idioblasts contain a relatively low concentration of salts, whereas the water storage cells of the spongy parenchyma have a very high salt concentration in the vacuoles (SaadEddin, 1983; Weber et al., 1977) . Dew on the surface of the shoots can be transported down a steep gradient of water potential via the tracheoid idioblasts towards the water storage cells. The spiral thickenings of the walls of the tracheoid idioblasts prevent the collapse of the cells, due to the tension inside. A problem remains in the connection of the tracheoid idioblasts with the epidermis and the vascular bundles. Dangeard (1889 , in Pirwitz, 1931 claimed that the tracheoid idioblasts were connected to the vascular bundles, but this was denied by Pirwitz (1931) . Hess et al. (1975) , however, state again that these cells are normally connected to xylem elements by a small cell. Our own observations show that they partly enter the spongy parenchyma, but are not connected, except by coincidence, to the xylem. On the other side they seem to make contact with the multi-branched and complex intercellular air spaces which are in connection with the sub-stomatal chambers, making a direct water-contact through a film in and on the cell walls of the palisade layer possible. Although some preliminary experiments indicate that there is water uptake from the dew by the shoots of the plants (SaadEddin, 1983) , it is clear that more detailed (electron) microscopical observations and physiological experiments are needed in order to solve the problem of the function of the tracheoid idioblasts.
The compact succulent morphology of the plants has two other consequences. The gas exchange, necessary for photosynthesis, is less efficient than in the leaves with flat laminae exposed on both sides to the air. Therefore, the palisade layer contains large sub-stomatal chambers and intercellular spaces. There was no Kranz-type anatomy of the leaves, suggesting a C3-type of photosynthesis as observed by other authors (Carolin et al., 1975 (Carolin et al., , 1982 Frey und Kurschner, 1983; Shomer-Ilan et al., 1981) . The second consequence of the succulent morphology is the short pathway of the photosynthates from the assimilating cells to the vascular bundles and other tissues, leading to a reduced phloem in the leaf veins.
Flowering of A. fruticosum in the Dead Sea area occurs from about September and appears to be induced by lowered temperatures as found in laboratory experiments (SaadEddin, 1983) . The seeds are viable for at least one year with dry storage at room temperature.
